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Pine Reproduction in Itasca State Park; 
Analysis in Moisture-Nutrient Coordinates 
V1us KuRMis*, HENRY L. HANSEN** 
ABSTRACT - Natural pine reproduction was studied in 36 forest communities representing the 
range of ecological variability of the upland forest in Itasca Park, Minnesota. The method of 
synecological coordinates was used to evaluate reproduction in relation to stand and site 
conditions. In the absence of fire, predominantly medium to nutrient-rich forest soils favor the 
growth of herbs, shrubs, and hardwoods under the open canopies of pine and aspen sta_nds. There 
are very few red pine (Pinus resinosa Ait.) and jack pine (Pinus banksiana Lamb.) seedlings under 
these conditions, and growth of white pine (Pinus strobus L.) seedlings is severely restricted. 
Dynamics of advance tree reproduction in upland for-
est communities in Itasca Park was investigated by Kur-
mis ( 1969) and partially reported by Kurmis and Hansen 
(1969a, 1969b). This study examines presence, abun-
dance, distribution, and growth patterns of pine repro-
duction as related to mother-stands, moisture-nutrient 
gradients, and forest types. 
The vegetation of Itasca Park shows interaction of ele-
ments of mixed conifer-hardwood, deciduous, and boreal 
forests, and the prairie. Origin of the present upland for-
est stands is largely associated with past forest fires. These 
stands are subjected to post-fire stabilization. Fire protec-
tion has become an important factor in determining the 
future forest composition. 
Red pine (Pinus resinosa Ait.) and white pine (Pinus 
strobus L.) stands were important components of the 
pre-settlement forest and those remaining are of great 
aesthetic value. Attrition in old growth red pine and white 
pine stands is high. They are predominantly 150 to 160 
and 200 to 250 years old, while jack pine (Pinus banks-
iana Lamb.) stands are considerably younger, from 70 to 
90 years old. The study emphasizes pine reproduction 
because of the problems related to securing pine con-
tinuity in the park. 
The method of synecological coordinates (Bakuzis, 
1959, 1960) is used here to: (1) position forest eco-
systems in moisture-nutrient coordinates ( edaphic field); 
(2) characterize vegetation and soils and identify their 
relationships; ( 3) aid in identifying and dassifying forest 
types; and ( 4) to analyze pine reproduction in relation 
to stand and site characteristics. 
Ecosystems studied are delineated at a level of forest 
communities, where the community is conceived as the 
living part of an ecosystem with rather uniform species 
composition and physiognomy and reflecting certain site 
conditions. 
Fire protection, great abundance of shrubs, and exces-
sive deer popuiation prior to 1945 have been cited as the 
main factors preventing adequate pine establishment 
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(Hansen and Duncan, 1954). This study attempts to shed 
additional light on the nature and dynamics of pine re-
production. 
Study Area in 32,000-acre park 
Itasca Park encompasses 32,000 acres in northwestern 
Minnesota and lies in adjacent portions of Clearwater, 
Becker and Hubbard counties. Its location is indicated 
by the' square near the center of maps of northwestern 
Minnesota (Fig. 1), characterizing general climatic, geo-
logical, and vegetation conditions. 
The average climatic conditions in Itasca Park area for 
a 30-year period (U.S. Weather Bureau, 1936-1965) 
were characterized by Walter's O 963) climatogram. 
This shows the distribution of mean monthly tempera-
ture and precipitation and the seasonal rhythm of other 
important factors. The extreme difference between the 
January and July temperature emphasizes the conti-
nentality of the climate. More than half of the precipita-
tion occurs during the summer months, with a maximum 
in June. Irregular drought periods of 10 to 30 days with 
little or no rainfall are characteristic during the growing 
season in the area. 
The Itasca Park area was glaciated in late-Wisconsin 
time. The map of surficial geology (Fig. 1) reflects the 
activities of three ice lobes. The park lies in the area of 
the Itasca Moraine which was formed by a stillstand of 
the Wadena Lobe. According to Zumberge (1952) the 
retreat of the ice in that area was slow, resulting in the 
hilly terminal moraine with many kettles, now filled with 
lakes or bogs. 
The upland soils in the park are derived from glacial 
or water deposited material, varying greatly in texture. 
They belong mainly to Nebish-Rockwood and Menahga-
Marquette soil associations as classified by Arneman 
(1963). Nebish-Rockwood soils vary from course or 
gravelly sandy laoms to loams and clay loams. Leaching 
has removed a part of the lime from the upper soil but, 
in general, the rooting zone is well supplied with bases. 
Marquette soils are formed in loam materials over cal-
careous gravel within 18 inches ( 46 cm) of the surface 
and are well drained. Menahga soils have developed on 
fine to medium outwash sands under the influence of 
conifers, primarily jack pine. 
Itasca Park lies in the Pine-Hardwood Forest as de-
scribed by Marschner (Fig. 1). Under other classifica-
tion systems it is located in the Lake Forest formation 
(Weaver and Clements, 1938), in the Minnesota Section 
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of Hemlock-White Pine-Northern Hardwoods Region 
(Braun, 1950), in the western portion of the Northern 
Forest Region { Soc. Amer. For., 1954), and in the Great 
Lakes Pine Forest according to Kuchler ( 1964). 
The last ice left the Itasca area 12,000 to 13,000 years 
ago. From about 12,000 to 8,500 years ago the region 
was dominated by a spruce-aspen boreal forest. This was 
replaced by oak savanna, which in turn was succeeded by 
a mesic deciduous forest about 4,000 years ago. White 
pine came into the area about 2,000 years ago and jack 
pine and red pine joined it about 1,000 years later (Mc-
Andrews, 1966). 
Various authors have studied the park vegetation and 
its successional trends. Lee ( 1924) emphasized the im-
portance of fir-spruce and expected that maple-white pine 
and fir-spruce forests will develop concurrently. Kell 
( 1938) stated that fir-spruce-birch on coarse-textured 
mineral soils and maple-basswood on fine-textured min-
eral soils can be considered as climax communities. In 
1939, Buell and Gordon (1945) investigated a fir-spruce 
and maple-basswood forest contact zone and concluded 
that fir-spruce is the more aggressive. However, 20 years 
later a reversal of the situation was found (Buell and 
Martin, 1961). Data from a permanent study area in a 
red pine-balsam fir stand since 1953 documents a dou-
bling of hardwood reproduction and shrubs at the expense 
of conifers (Kurmis, 1969).Ness (1971) analyzed com-
munity structure and environmental conditions in upland 
forest types and showed that the balsam fir (Abies bal-
samea (L.) Mill.) occupied area is declining. 
Both fires and logging, the latter especially in the west-
ern portion of the park, have played important roles in the 
history of forest communities. Most of the park area was 
burned over several times during the 18th and 19th 
centuries, and periodic fires were probably common 
earlier, favoring the less shade-tolerant species such as 
pines, quaking aspen (Populus tremuloides Michx.) and 
paper birch (Betula papyrifera Marsh.). The fire history 
of the park has been studied by Spurr ( 1954) and Frissell 
( 1971), among others. The major present red pine stands 
became established after fires in 1803, 1811, and 1820. 
The fire in 1714 gave rise to the oldest red pine stands 
now in the park, about 250 years old. However, con-
siderably older single trees or groups of trees can be 
found. Closed, pure white pine stands are rare. Areas 
burned in the two large fires of 1865 and 1886 were 
chiefly regenerated to aspen and jack pine. There have 
been few large fires reported after 1886 in the park. 
Synecological Coordinates 
The method of synecological coordinates (Bakuzis, 
1959, 1960) is a floristic approach to ecosystem structural 
organization and analysis. It belongs to the general 
method of ecological groups, but it is also closely related 
to continuum and gradient methods. The synecological 
coordinate method is based upon the knowledge of species 
behavior in nature under conditions of competition. Four 
major coordinate axes are used: moisture, nutrient, heat, 
and light; signifying the intensity of the biologically effec-
tive part of the essential environment factors. The scales 
used are on a relative basis from 1 to 5, species growing 
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FIGURE 1. Maps of northwestern Minnesota (Itasca Park 
as a square in the center) show temperature and precipi-
tation (Baker, 1958), surficial geology (Wright, 1962 and 
McAndrews, 1966), and natural vegetation (Marschner, 
1930 and McAndrews, 1966). 
on the driest forest sites are evaluated as having moisture 
coordinate 1, species growing on wettest forest sites are 
assigned moisture coordinate 5. A provisional assessment 
of coordinates for individual species was made from 
literature data, and adjusted to local conditions after an 
extensive survey of 356 forest communities in Minnesota. 
Community coordinates are computed as averages of the 
coordinates of all species present in the community. 
Synecological coordinates provide models which can be 
used to present and investigate characteristics and rela-
tionships of the different constituents of ecosystems, for 
comprehension of complexity, and for information stor-
age. 
Field work in 36 stands 
In 1965, following a reconnaissance survey of 130 for-
The Minnesota Academy of Science 
est communities, 36 stands representing the apparent full 
range of variability of upland moisture and nutrient con-
ditions were selected for more intensive investigation. 
Selection of forest stands was primarily based on their 
synecological coordinate values, tree species composition, 
stand age, and also geographic distribution. The minimum 
size of the area was about two acres ( 8000 m2 ). 
Eight circular two-rnilacre ( 8 m 2 ) plots for reproduc-
tion study were randomly located and permanently 
established in each stand. The number of seedlings, 
sprouts, and shrubs, their age and height was deter-
mined for individual species. Plant lists were prepared 
for each two-milacre plot separately. Ground vegetation, 
shrub, and reproduction layers were estimated as cover 
percentages of the total area in reference to two-milacre 
plots. Tree canopy was estimated as cover percentages in 
reference to 1/20 or 1/10 acre (200 or 400 m 2 ) circles. 
Two soil pits were dug in each stand, and soil profiles 
were described according to the procedures of the Soil 
Survey Manual ( Soil Survey Staff, 195 I). The organic 
and mineral soii horizons were sampled for mechanical 
and chemical analyses of the soils. 
Cover lypes and Forest Types 
The term cover type describes forest stands by their 
dominant tree species; no implications are made as to 
whether the dominance is temporary or permanent. By 
contrast, the term forest type denotes stands of similar 
ecological character together with their site conditions. 
The first three diagrams in Figure 3-1 show the forest 
cover types, stand volumes, and major soil series of 
the ecosystems studied. According to the vegetation map 
of Itasca Park (Meyer, 1966), the major cover type in 
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FIGURE 2. Location of forest ecosystems studied in Itas-
ca State Park, Minnesota. 
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the park is aspen varying in composition from pure stands 
to those containing admixtures of paper birch, northern 
red oak ( Quercus rubra L.), bur oak ( Quercus macro-
carpa Michx.), red maple (Acer rubrum L.), and other 
species. This type occurs over 15,000 acres. Red pine oc-
cupies about 5,000 acres, jack pine about 1,500, and 
white pine about 1,200 acres. An additional 600 acres 
are classified as spruce-fir type and contain white spruce 
(Picea glauca (Moench) Voss), balsam fir, aspen, paper 
birch, and other species. Upland hardwoods occupy about 
1,100 acres with sugar maple ( Acer saccharum Marsh.), 
American basswood ( Tilia americana L.), red maple, 
oaks, and American elm ( Vlmus americana L.) as the 
most common species. 
Forest type, as used in this study, reflects in the first 
place biologically effective moisture and nutrient in-
tensities in a certain range (fourth diagram in Fig. 3-1). 
Type boundaries are adjusted to individual species dis-
tribution, their growth and reproduction capacity, shrub 
development, and soil characteristics. 
Tree Reproduction and Shrubs 
Figure 3-2 illustrates the occurrence of tree reproduc-
tion and shrubs in the edaphic field of the park upland 
forest by species groups including pines, fir-spruce, hard-
woods, and shrubs. The reproduction pattern and abun-
dance are shown in relation to moisture-nutrient grad-
ients, and at the same time, relationships can be seen to 
forest types, stand volumes, soils, and shrubs as pre-
sented in individual diagrams in Figure 3. 
Diagrams in Figure 3-2 indicate that there are three 
main areas of reproduction concentration in the edaphic 
field (moisture-nutrient coordinates). Pine reproduction, 
chiefly white pine, appears on dry, nutrient-poor sites 
in the Pinus banksiana-Arctostaphylos type and to some 
extent on mesic, nutrient-rich sites in the Acer-Tilia-
Pinus strobus-Dirca type with low to medium shrub 
densities. Fir-spruce reproduction, mainly balsam fir, oc-
cupies the mesic, nutrient-poor to intermediate nutri-
ent sites in the Pinus-Abies-Picea-Lycopodium type 
where low shrub densities prevail. Hardwood reproduc-
tion, mainly sugar maple, is concentrated on mesic, nu-
trient-rich sites in the Acer-Tilia-Pinus strobus-Dirca 
type with low shrub densities. Shrubs have the greatest 
abundance in the central part of the edaphic field, oc-
cupying a large portion of the dry to mesic, inter-
mediate-nutrient sites (last digram in Fig. 3-2). These 
four forest undergrowth groups have their individual 
concentrations in separate parts of the edaphic field. 
This indicates strong competition between groups, especi-
ally between the shrubs and tree reproduction. 
Pine Reproduction 
The three Minnesota pines - jack pine, red pine, and 
white pine - are primarily "fire species." Their silvicul-
tural characteristics are adapted to conditions best ef-
fected by forest fires, especially in the case of jack pine 
and red pine. Environmental conditions may not be 
directly responsible for natural pine distribution, except 
indirectly through fire history (Horton and Bedell, 
1960). Schenck (1924) pointed out that after a fire, the 
mass dying of motherstands connected with soil surface 
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fires gave pine the chance to reproduce in large num-
bers. Itasca Park forest, on the contrary, is in the proc-
ess of post-fire stabilization with a strong development 
of hardwoods and shrubs leaving little chance for pine 
reproduction. 
Distribution of the three native pines in Itasca Park 
has been compared by basal area. Reproduction by age 
groups is also shown in relation to mothertrees, local 
forest types, and moisture-nutrient gradients. Mature 
white pine is widespread over the upland forest complex, 
mainly as an admixture species in different forest com-
munities. Red pine is concentrated on dry to mesic, in-
termediate-nutrient sites and jack pine on dry, nutrient-
poor sites. This data should be evaluated in comparison 
with Figure 3, which shows the general stand and site 
conditions of the upland forest. 
White pine reproduction is best adapted to the pres-
ent ecological conditions in the park as compared to red 
and jack pine reproduction. Young white pine seedlings 
are able to withstand competition for some time in 
Pinus banksiana - Pin us resinosa -Gaultheria - Hepatica, 
Pinus resinosa-Dryopteris-Osmorhiza, and Quercus-
Populus-Betula-Viburnum-Amphicarpa types with high 
shrub densities. Seedlings older than 10 years are pres-
ent only on dry, nutrient-poor sites, mainly in the Pinus 
banksiana-Arctostaphylos type, and on mesic, nutrient-
rich sites in the Acer-Tilia-Pinus strobus-Dirca type. 
The number of white pine reproduction reaches its 
maximum in the Pinus banksiana-Arctostapbylos type 
with about 1,500 seedlings per acre followed by the Acer-
Tilia-Pinus strobus-Dirca type with about 400 seedlings 
per acre (Fig. 4-1). The height growth of white pine 
seedlings is satisfactory only in the Pinus banksiana-
Arctostaphylos type (Fig. 4-2). Although relatively 
numerous in the Acer-Tilia-Pinus strobus-Dirca type 
white pines seedlings, even those 15 years of age and 
older, seldom exceed a foot ( 30 cm) in height. The lack 
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of white pine and other pine seedlings in height classes 
over one foot is striking in the park forest, except for in 
the Pinus banksiana-Arctostaphylos type. This indi-
cates that although there is some initial seedling estab-
lishment, further development is a critical problem. Ross 
et al., (1970) compared white pine development in and 
outside a deer exclosure in the park and concluded that 
the opening of deer hunting in 1945 allowed a recovery 
of white pine seedling establishment, but the moderate-
to-high browsing since that time has prevented white 
pine from increasing in height and taking their poten-
tial part in the succession of the forest. White pine is 
an aggressive species becoming initially established over 
a wide range of site and stand conditions. However, it 
does not succeed under strong shrub or tolerant hard-
wood competition and browse damage. 
Red pine and jack pine seedlings do not establish 
initially except for a scattered occurrence in the Pinus 
banksiana-Arctostaphylos type. The distribution pat-
tern of red and jack pine seedlings in the edaphic field 
differs considerably from that of white pine seedlings and 
is narrower than the pattern of present red pine and 
j,ack pine cover types. Scattered red pine and jack pine 
seedlings in all age groups are largely limited to dry nu-
trient-poor sites, mainly in the Pinus banksiana-
Arctostaphylos type. However, in this type increasing 
numbers of ground cover species and shrubs are serious 
competitors to pine seedlings. In addition, forest com-
munities of the Pinus banksiana-Arctostaphylos type 
constitute a small fraction of the total area of the park 
upland forest. Without some disturbance such as fire 
this forest type is unsuitable for new pine establishment. 
Red pine and jack pine seedlings have some significance 
only in the Pinus banksiana-Arctostaphylos type. There 
are about 300 red pine seedlings per acre in this type 
(Fig. 4-1). Jack pine seedlings are more abundant than 
red pine; however, they show greater browse damage. 
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FIGURE 4. Number of pine seedlings ( 1) older than two 
years and (2) taller than one foot in height by local for-
est types in Itasca State Park, Minnesota. 
Roadsides, old gravel pits, and openings along roads 
and trails are places where red and jack pine seedlings 
occur. However, this area is very small in comparison 
with the acreage of mature red pine and jack pine 
stands. 
Without major disturbances the present area of pine 
dominated stands will continue to decline. Red and jack 
pine seedlings do not even establish initially under pres-
ent stand and site conditions. White pine seedlings 
establish intially; however, they do not succeed in com-
petition with shrubs and hardwoods. Browse damage 
and white pine blister rust ( Cronartium ribicola Fisher) 
are additional factors seriously interfering with white 
pine growth and development. 
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